KILE COPY 
NO. 1-W 



ACR May 1941 



NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 



ORIGINALLY ISSUED 

May 1941 as 
Advance Confidential Report 

CYLINDER BARREL COOLING WITH BONDED 
PREFORMED COPPER FINS 
By H. H. Foster and H. H. EUerbrock, Jr. 




Aircraft Engine Research Labor; 
Cleveland, Ohio 



PfLE COPY 



Te be returned to 
the flies ot the National 
Advisory (itunmittee 
for Aeronautics 



Washington ac. 



HACA 



WASHINGTON 



NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of 
advance research results to an authorized group requiring them for the war effort. They were pre- 
viously held under a security status but are now unclassified. Some of these reports were not tech- 
nically edited. All have been reproduced without change in order to expedite general distribution. 



E-80 



CYLINDER BARREL COOLING ITITH BONDED 



PREFORMED COPPER PUTS 
3'^ E. H. Foster and H. E. Sllertrock, Jr. 



SUMMARY 



Preforned copper fins were f urna-ce-'braz ed to a steel- 
c^^linder ~:^arrel . The carrel was ele ct ri calljr heated and 
olo'.7er-*cooled to determine the over-all heat-transfer co- 
efficient. The experimental coefficients, oased on the 
temperature of the steel, were approximately twice as large 
as the calculated coefficients for a sinilar steel cylin- 
der vrith integral fins of the same dimensions. 

Improving the thermal oond, v^hich can he accom.pli shed 
oy improving the m.cthod of assemoly of the fins on the 
harrel oeforc the orazing, can possihly increase the heat 
transfer of t'^e "barrel 27 percent ahove the values ohtained. 
Both the copper fin and the steel harrel are annealed oy 
the 1200^ P furnace temperature required for "brazing. Re- 
cent developments of hi^h-f rcquency induction heating fdr 
the Drazing operation arc "being investigated with a view 
to a,voiding the incidental annealing which occurs in fur- 
nace "brazing of the fins. 



INTRODUCTION 



The ITACA in the past few vears has conducted numerous 
tests on the cooling of finned cylinders. Analyses of the 
results of these tests indicate that wider and closer 
spaced fins are required for the modern air-*cooled air- 
craft engine than c.an he ootained oy the usual casting or 
machining t echni que • 

The preformed fin offers the advantages of practical- 
ly unlimited fin dim.ensions and fin spacing as well as a 
fin material having a higher therm.al conductivity than 
that of the usual integral steel fin. Copper has a thermal 
conductivity more than 8 tines that of steel and more than 
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2j ti-es tliat of aluninurn allor. ^^^-^ wei^snt of copper fin- 
ning for equivalent coolings therefore, compares favoraolv 
with that of finnin^^ with consideraoly lighter metals. 
Copper i3 easily oonded to steel and its procurement in 
timer, of war has u.suall?^ "been easier than that of the 
lit:^ht er r^.etals . 

T'his report presents results of clo wer-co clin^ tests 
of a c^^iinder oarrel with furnace- orazed preformed copper 
fins, ' ^he over--all heat -t ransf or coefficients were deter- 
mined and are shown plotted against the theoretical val- 
ues to ohtain an indication of the excellence of the Dond 
oGtw-.en the copper and the steel. A discussion of the ad- 
vantages of copper fins and of future methods of oonding 
them to the cylinder is included. 



CYLIITDER ASSE!£3LY 



.'The first oarrel was made from a stock Pratt TThitney 
forging, roughl-^." machined to an outside diameter approxi-^ 
matolr- that of the root diameter of the fins on a finished 
"Wasp''-sizc oarrel. Twenty-si:: fins nearly 2 inches wide 
and c.paced aoout l/3 inch apart were assemhlcd on thc^ oar- 
rel. ^Thev were made from 0.026-inch sheet copper with a 
flange rolled on the inner diameter to serve as a moans of 
s-oacing and to afford a large surface for oonding to the 
oarrel (fig. l). The copper- joint surfaces were cleaned 
with emerv cloth and a pickling fluid. The stool oarrel 
was also thoroughly cleaned with emery cloth and washed 
with ccnzine to remove grease; a commercial flux was ap- 
•Dlicd. Alter the fins were assemhled on the oarrel a ring 
of l/l3-inch diameter, low-molting, silver solder was placed 
around each joint and more flu:: was a,ddcd. 

The fins, although in one piece, were split to permit 
of their 'ocing spread to go over the thread holt. ^ 
split was tacked" together at the outer edt.;e of the fins 
with solder after the rings of solder were in place. 

The oarrel asscmoly was ole ct ri call-'' furnace- oraz ed 
in a hydrot^cn atmosphere at a maximum temperature of 
1200^ r. Taole I shows a time-temperature record of the 
"barrel v/hile ^od'ag orazed. 

The fins came from the furnace in the annealed state 
and had lost so:.-.e of their original rigidity, although 
the-^' retained their original hrit.^-t copper color. 
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A second and a third T^arrcl, not :^et tested, ^rere ma- 
clained like the first except that the outside dip.meter was 
of a uniform size above the oarrel flange so tha,t it was 
not necessary to cut the fins Put assembly as in the first 
set-up. The difference in diameter "between the oarrel and 
the fin was ahout 0*005 inch at room temperature. It was 
found better to have the fins c?. push-spring fit on the bar- 
rel ov/ing to the greater expansion of the copper so that 
thc5 sold r will not run down the barrel and be lost during 
the time the assemble is in the furnace. 

After the fins were assembled a concentric ring of 
steel was then added for the thread bolt and the whole as- 
sembly.'' was furn acc-brazed as in the first set-up. 

The copper used for the fins of the second and third 
barrel v/as "oxygen free," a much better grade than that 
used for the first barrel. 

Another method of assembling the fins without cutting 
them would be the use of the "aero" type threo.d which per- 
mits a uniform size for the outside of the barrel above 
the barrel flange. 



HEAT-TR.ViTSF3R TESTS 



.?G^±_?^PP<±i:3it:y:S .- The test cylinder was electrically 
heated v.-ith a wire coil wound on a soapstone core which 
was inserted in the cylinder. Loss of heat from the ends 
of the c^'linder was prevented by using C7''lindri cal guard 
rings me.de of sheet m.ctal and filled v/ith rock wool (fig. 
2). 

Surface temperatures were obtained at 29 points 
around the cylinder by moans of i ron-con st antan thermo-* 
couples made from No. 40 gage wire. Nine of the thermo- 
couiDles measured the tem*pcrature of the steel b.arrel ever;.^ 
^2^^ from, front to rear of the cylinder and five measured 
the temperature at the base of the copper fins. 

In order to attach the t herm.o coupl e s to the steel, 
l/S-inch diameter holes v;ere drilled through the copper 
and solder with a tapered drill until the drill point 
touched the steel. Then 0.018-inch diameter holes were 
drilled in the steel and the t hcrm.o coupl e s peened in place# 
The holes were then filled with bakelito varnish. The 
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thermocouples ^rrere attached to the fin oase by cutting 
small 0.010-lnch wide slots in the metal and peeni il^- ' t he 
thermocouples in place. Thermocouples were placed on the 
fins one--third and two-thirds of the distance from "base to 
tip, and on the tip everv 45^ from front to rear of the 
cylinder. The thermocouples were soldered to the fins. 
Thermocouples were distrituted over a numher of fins so as 
not to' olock the air flow in any one fin space. They wore 
shellacked to the fins and hroUi^ht out through a hakelite 
tuoe to a cold junction hoard as shown in fi^'ure 3. An 
am.meter and a voltm.cter were used to measure the electrical 
input of the cylinder and a potentiometer measured the cyl- 
inder temperatures • 

Jacket.- The test unit vjas enclosed in a wood jacket, 
as shown in fit>ure ?■ , and air was drawn over the set-up 
\7ith a Roots olower. The jacket shape and apparatus used 
for such a te^^.t p.re fully descrioed in references 1 and 2. 
The jacket fitted tightly against the fin tips and guard 
rine,s. Partitions were placed oetween the c"^ard rings and 
cylinder (see fig. 3) so^ that all the air flowing into the 
jacket would flow over the cylinder. The weight of cool- 
ing air was measured with thin^plate orifices placed in 
the ends of 'a large tank. Temperatures of the air at the 
orifices and of the cold junction were ohtained with alco- 
hol thermometers. A diagrammatical sketch of the appara- 
tus is shown in figure 4. 

_Comwtations The weight velocity of the cooling air, 
Vp^g, over the fins was calculated dv dividing the weight 
of the air passing over the c:^'linder h/'' the free-flow area 
hetv^een the fins. 

The experimental heat-transfer coefficients, U, v:ere 
ootained hy dividing the heat input per hour hy the prod- 
uct of the area of the wall surface of the cylinder and 
the difference hetwc^en the average temperature of the vrall 
surface and the entering-air temperature. Coefficients 
were determined Dased on "both the terxperature of the steel 
and the oent-over i^ortion of the fins of the cylinder. 

Coefficients were also calculated for steel and prac- 
tically pure copper fins, of the sam.e proportions as those 
of the test cylinder, cast integrally. These coefficients 
were cased on data determined from, tests of a la,rge num/oer 
of cylinders (reference ?)• The r.ethods of testing, to- 
gether with a more detailed description of the methods of 
calculating the coefficients, are descrioed in references 
1 , 2 , 4- , an d 5 . 
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DISCUSSIOl^T 



Figure 5 shows the results of the tests on the pres- 
ent cvlinder and calculrvted coefficients hased on test re- 
sults of other cylinders. The coefficients oased on the 
temperature difference of the copper at the fin root and 
the cooling air are approximately 9 percent lower than the 
calculated coefficients for practically pure copper. Aoout 
5 percent of this difference can he due to variation of the 
test data; the remaining difference nay oe due to differ- 
ence in p\irit7^ of the copper. The exrperinental coeffi- 
cients oased on the steel temperatures arc approximately 
14 percent lovrev than the experimental co of fi ci ent s ^ oased 
on the copper temperatures at the fin root, indicating 
that the thermal hond hetvroen the copper fins and the steel 
"barrel is not porfoct; that is, a temperature drop occurs 
across the joint. Improving the hond and increasint:; the 
TDurity of the metal can possihly increase the heat trans- 
fer of the cylinder 27 percent. However, the experimental 
coefficients of the test cylinder hased on the steel tem- 
perature are approximately twice as e-r^^at as the calculat- 
ed coefficients for a steel cylinder with steel fins of 
the same dimensions, even with a,n imperfect thermal hond. 

In all the tests the over-all heat-transfer coeffi-^ 
ciont showed that the hond oetwoen the copper fins and the 
steel cylinder was imperfect. This condition was antici- 
pated Dccausc in drilling holes at the flange of the fin 
for insorxing the thermocouples, occasional voids were en- 
countered. TThcn a condition of this kind was experienced, 
the thermocouple was placed adjacent to the void hut far 
enough away to he unaffected hy this condition. In order 
to avoid an imperfect hond, leakage of the hrazing material 
past the fins should he eliminated so that the space he- 
tweon the fins and the/oarrel is com.pletely filled. This 
can he accomplished hy'making the fins a tighter fit on 
the harrel at assemhly. 

Future work on the adaptation of preformed copper 
fins to steel cylinders will include an investigation of 
the merits of high-frequency induction heating for hrazing. 
This process will c^ive a good hond and may avoid anneal- 
ing the copper fin and the st eol-cylinder "barrel. ^Simul- 
taneous induction hardening of the harrel and hrazing of 
the fins would afford a speedy production process. 

A copper m.uff with extruded integral fins has also 



6 



ooon su^^G^st cd r.s a method of "barrel cooling -orth^ ci^in- 
vosti {j,at ion . The extrusion i^rocess is nc\7 used in nakin^ 
fins on coolin<.- coils for r.i r-condi t i onin^- cquipr.ont ^ .-nd 
if it can DC applied to the fin sizec roo^uirod for air- 
cooled en;;^inc cylinders it have sor.e po s sil^i li t i c s 
fror. the standpoint of production. 

En;_,ino tests have not ^^et heon r.ade to dcternine the 
effect of engine vi'bration and other oporating conditions 
on the copper fin. It na7^ oe necessary to support the 
fins at the outer edge, particularly where very wide fins^ 
are required to obtain the proper cooling. Support for ^ the 
fin could "be ootained "by soldering or crazing the fin^tips 
to the jacket which directs the air flow across the fins, 

A comparison of the relative cooling ohtaincd with 
copper, aluninur.i, and steel fins is shown in figure 6*^ 
^hen compared on a weight Dasis, it can he seen that the 
higher thermal conductivity of the copper more than offsets 
its greater weight. 

The large increase in over-all heat -t ransf er coeffi- 
cient ootained with the Dcndcd preforned copper fin should 
permit an increase in the specific outputs of aircraft en- 
gines of two to three times those permissiole with present- 
day integral steel fins without exceeding harrel-cooling 
limits. 

CONGLXISIOIIS 



1. The experimental heat-transfer coefficient of a 
steel-cylinder "oarrel with honded preformed copper fins 
was more than twice that of the calrMilated coefficient of 
a similar oarrel with integral steel fins of equal dimen- 
sions and spacing, 

2. The preformed copper fin can he easil;^- "bonded to 
a steel-cylinder harrel. Owing to its high thermal con- 
ductivity factor, it compares favorably with any of the 
lighter fin materials on a fin weight-cooling oasis. 

o„ The use of oondod preformed copper fins should 
■nermit an increase in the specific outputs of aircraft en- 
gines of two to three times thoce permissible with present' 
day integral steel fins without exceeding oar r cl-c 00 ling 
limits. 

Langley Llemorial Aeronautical Laboratory, 

ITational Advisory Com-'.ittee for Aeronautics, 
Langley Field, Va. 
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Experimental coefficients for test cylinder bosed_ 
on temperature difference betv\ieen copper base 
and cooling air 
X Experimental coefficients for test cylinder based 
on temperature difference betvsjeen steel barrel - 
and cooling air 



Calculated coefficients for 
cylinder with copper fins. 
K= 18.04 Btu/s(7//7./°F//7r 
through I in. 





Calculated co- 
efficients for 
steel cylinder _ 
vs/ith steel fins. 
K-2,17 

Btu/59 in.j^Vjhr 
through I in. _ 



6 8 10 
Vpi g , Ib/sec/sg ft 

Cylinder diameter, 6 .13 in.; Fin width,!. 92 in.; Fin thiclmesB, .026 in.; Fin 9paoe,,123in 



Figure 5.- Comparison of over-all heat-transfer coefficiente of test cylinder 
with calculated coefficients. 




Copper Km =^ 18.04 
Alum/num alloy Kn = 7.GG 
Steel Kra^aiV 
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Fin sNe'ighf.MJbjsq in. \noII area 
Legend: 

Km , thermal conductivity coefficient 
Figure 6.- Comparison of the over-all heat-transfer coefficient 
for a fifiven fin weight for copper, aluminum, and steel. 



